A demand for non-contact and nondestructive internal defect detection is increasing. In an internal defect detection, a sampling inspection is mainly used by ultrasonic sensor or X ray sensor. These methods have several weakness. Using a photoacoustic effect, an internal defect detection was studied by high power laser, like YAG laser or CO 2 laser. But, using a low power semiconductor laser and an ultrasonic sensor, an internal defect could be detected by a photoacoustic effect. A photoacoustic signal became to be small using low power laser, but a propagation characteristic was examined in detail and being set at the position with maximum sensitivity, the sensor could detect an internal defect with even low power laser. However, the sensitivity of ultrasonic sensor is low in detecting a photoacoustic signal. Then a new type of internal defect detection system has been developed, in which instead of ultrasonic sensor a self-coupling effect of another semiconductor laser has been used to detect the photoacoustic signal.
The experimental system for internal defect detection using a photoacoustic and a self-coupling effect of semiconductor laser is shown in Fig.1 . To generate a photoacoustic signal, the semiconductor laser with wavelength of 830 nm and output power of 20mW is modulated by a rectangular wave. The laser light is focuced in 50 mm ahead by a lens and is illuminated at 45 degrees on the sample. To detect the photoacoustic signal by self-coupling effect, another semiconductor laser with wavelength of 780 nm and output power of 10 mW is operated by continious wave. The laser light is focuced in 20 mm ahead by a lens and is illuminated at right angle. These laser lights are illuminated at the same point on the sample. The photoacoustic signal is detected by a photodiode built in the laser for self-coupling sensor and is observed by an osciloscope. The sample is set on an automatic XY stage. The sarface of the sample is scanned by moving XY stage and measuring a photoacoustic signal. For automatic measurement, the automatic XY stage and the osciloscope are connected to personal computer by GPIB cable.
The sample used in this work is an aluminum plate with size of 30 × 60 × 3 mm. As an imitation defect, the aluminum plate is drilled a hole with diameter of 1.8 mm from upper side. The experimental results using the ultrasonic sensor are shown in Fig.2 (A), and those using the self-coupling sensor are shown in Fig.2(B) . The detective sensitivity is defined as a ratio of a maxmum photoacoustic signal in defect part to that in non-defect part. The detective sensitivity using the self-coupling sensor is more than that using the ultrasonic sensor. The ultrasonic sensor can detect the defect with the nearly same size as real one, but the self-coupling sensor detects the defect with smaller size than real one. However, self-coupling sensor can properly detect the defect size by an edge effect, when the sample with defect cross section of rectangle is used. It is able to detect a very small defect of 0.07 mm. As the spot diameter of self-coupling sensor laser is about 0.1 mm, the self-coupling sensor has a high spatial resolution. The frequency characteristic is examined as the self-coupling sensor can detect with wide frequency range in contrast to ultrasonic sensor. The defect is detected in the frequency range of 10 Hz -350 kHz. The frequency response of the amplifier circuit is low over 350 kHz.
It is comfirmed that this nondestractive internal defect detection system using a photoacoustic and self-coupling effect is superior, as the detective sensitivity and the spatial resolution are high. A demand for non-contact and nondestructive internal defect detection is increasing. Using a photoacoustic effect, an internal defect could be detected by a low power semiconductor laser and an ultrasonic sensor. But the sensitivity of the ultrasonic sensor is low in detecting a photoacoustic signal. Then, an internal defect detection using a photoacoustic and self-coupling effect of semiconductor laser has been studied. To generate photoacoustic signal, a semiconductor laser with output power of 20mW is focused by a lens and is illuminated at 45 degrees on the sample. To detect photoacoustic signal by the self-coupled effect,
another laser with output power of 10mW is illuminated at right angle. Sample defect can be detected by illuminating these laser lights at the same point on the sample. The self-coupling sensor can detect an internal defect with more sensitivity than the ultrasonic sensor does. An edge effect and a frequency characteristic are also observed. As a result, it was able to detect a very small defect of 0.07mm. , Vol.38, No.4, pp.196-198 (1981) 
